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[8, 9] ( 3 ) Lyapunov
[10,11]
( 4 )




$\delta x^{t+\tau}=DF^{\tau}(x^{t})\delta x^{t}$ ($DF$ $F$ Jacobian; )
$N$ Lyapmov $\lambda^{(1)}\geq\lambda^{(2)}\geq\cdots\geq\lambda^{(N)}$
Lyapunov $v^{(1)}(x),$ $v^{(2)}(x),$ $\cdots,$ $v^{(N)}(x)$
:
$\tauarrow\ovalbox{\tt\small REJECT}\infty\frac{1}{\tau}\log||DF(x^{t})\delta x^{t}||=\lambda^{0)}$ if $\delta x^{t}\int\int v^{0)}(x^{t})$ . (1)
$*1$ [4-6]
$*2$ [7] Journal of Physics A
124
1: Lyapunov (1) (a) (b)
1(a) (1) $\tauarrow\pm\infty$
$\tauarrow\infty$




Oseledec multiplicative ergodic theorem $\lim_{\mathcal{T}arrow\infty}[(DF)^{T}DF]^{1/2\tau}$
Lyapunov
$(\lambda^{(1)}<\cdots<\lambda^{(N)})$ $(DF)^{T}DF$ $\tau$
$\lim_{\tauarrow\infty}\frac{1}{2\tau}\log[(\delta x^{t})^{T}(DF)^{T}DF\delta x^{t}]=\lambda^{0)}$ , if $\delta x^{t}\in E^{(J)}(x^{t})\backslash E^{(\dot{/}+1)}(x^{t})$, (2)
$\lim_{\tau’arrow\infty}\frac{1}{2\tau’}\log[(\delta x^{t})^{T}(DF^{-\tau’})^{T}DF^{-\tau’}\delta x^{t}]=-\lambda^{(/)}$ , if $\delta x^{t}\in\overline{E}^{0)}(x^{t})\backslash \overline{E}^{0-1)}(x^{t})$ (3)
$*$3
$\circ$
$E\omega$ ( $x^{t}$ $\tauarrow\infty$
$(DF)^{T}DF$ $i$ $N$ ( )
$\overline{E}^{0)}(x^{t})$ $\tauarrow-\infty$ 1 $j$
( ) $E^{(N+1)}(x^{t})$ $E^{\overline{(}0)}(x^{t})$
(2),(3) $\tau$









$i$ $N$ Lyapunov $j$










Jacobian Gram-Schmidt ($QR$ )







[41 $i$ Lyapunov $v^{0)}$ 1
$j$ Gram-Schmidt $u^{(1)},$ $\cdots,$ $u^{0)}$ $E^{\overline{\zeta}i)}(x^{t})$
$v^{0)}$ $v^{0)}(x^{t})$
$t$ $T$ Shimada-Nagashima $[$ $1(b)]_{c}$
$\overline{E}^{0)}(x^{T})$ ’ $O$) $\overline{E}^{0)}$
transient Lyapunov $v^{(j)}(x^{t})$




































[4] ( $*$ 5 )
Lyapunov
[14,15]
exact [8, 9] Navier-Stokes















$\zeta j>j_{th})$ [8, 9]
1 $KS$
$\frac{\partial u}{\partial t}=-\frac{\partial^{2_{\mathcal{U}}}}{\partial x^{2}}-\frac{\partial^{4_{\mathcal{U}}}}{\partial x^{4}}-u\frac{\partial u}{\partial x}, x\in[0,L]$, (5)
$u(x, t)=u(x+L, t)$














$\cos$ 2 2 Lyapunov
Lyapunov
Lyapunov $\delta u^{\zeta i_{1})}(x, t),$ $\delta u^{ti2)}(x, t)$
$\theta^{\zeta ij_{2})}1,(t)$
$\cos\theta^{(./\iota j_{2})}(t)=\int_{0}L_{\delta u^{(j_{1})}(x,t)\delta u(x,t)dx}0_{2})$, (6)
$*$6 $\rho_{v}^{C_{1}j_{2})}(\theta)$ 3(a)
(39, 40) (40, 41) $\theta$ $0$ $\pi$
($\rho_{v^{i}’}^{0j_{2})}(\theta)$ $\theta=0,\pi$ ) (41, 42)








3: $KS$ (5) [9] (a)Lyapunov
$\theta^{(j_{1},j_{2})}$ (b)
$(1\leq j\leq j_{th})$ $(j>$ $)$





(41, 42) (43, 44)





( ) $L=96$ $KS$ (5) $j_{th}=43$
43
$1\leq j\leq j_{th}$ Lyapunov $j>j_{th}$
$*7$ ($KS$ ) $j\leq j_{th}$ ( )
( $j_{1},j_{2}$
) $i>$ ( )
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$*$ 8 3(b)
domination of Oseledec splitting (DOS)
[22, 23] $\lambda_{\tau}^{0)}(t)$ $t$

















$A,$ $B$ $A,$ $B$
$\phi$ [21]
$Q_{A},$ $Q_{B}$ $Q_{A}^{T}Q_{B}$ $\cos\phi$
$*9$







DIM $<$ const. $\cross L^{12/5}[20]$ $KS$ [3]
Lyapunov
DOS exact 1 $KS$
$j_{th}\approx 0.43\cross L$ [9] $L$
2(a) Lyapunov





















































Lyapunov $[\sqrt{1}, \cdots, \sqrt{}N]$
(8) $\sum_{r=1}^{N}\sqrt{i}$,
[14, 15] (8) 2 $(\epsilon/N)v_{M}^{t}$ $N$
2 $\log|\sqrt{i}|$











$\frac{\partial}{\partial t}P(u, t)=-\frac{\partial}{\partial u}[(\lambda_{0}-\lambda^{(1)})P]+\frac{D}{2}\frac{\partial^{2}P}{\partial u^{2}}$. (9)
$u$ $P(u, t)$ $0\leq u\leq u_{\max}\equiv$
$\log[N(1-\epsilon)/\epsilon]$ $N$
$u_{\max}arrow\infty$ $P_{s}(u)=(2 \Delta\lambda^{(1)}/D)\exp(-2\Delta\lambda^{(1)}u\int D),$ $\Delta\lambda^{(1)}\equiv\lambda^{(1)}-\lambda 0$
$u=u_{\max}$ $O(1)$
$\int_{u_{mu}}^{\infty}P_{s}(u)du=c_{1}/N$ ($c_{1}$ $O(1)$ ) Lyapunov $N$
$\Delta\lambda^{(1)}=\lambda^{(1)}-\lambda_{0}=\frac{D}{2}(1+\frac{c_{2}}{\log N})+O(\frac{1}{\log^{2}N}\rangle$ (10)
[10] $c_{2}\equiv\log[\epsilon/((1-\epsilon)c_{1})]$ $v_{i}$

















$i$ $\log N$ collapse
(10) $\lambda_{0}+D/2=\lim_{Narrow\infty}\lambda^{(1)}$
(8) skewed-tent [10]
Lyapunov (i) $O(N)$ (ii)
135
5: (a,b) HMF (C) Lyapunov
$\lambda^{(1)}$ , $\lambda$( [10, 11] (a) (8) ( )
skewed-tent ( ) [10]
(b) $Narrow\infty$
$\Delta\lambda^{(1)}\equiv\lambda^{(1)}-\lambda_{0}$ $D$ ( :
$\blacksquare$ $)$ (10) $\Delta\lambda_{Narrow\infty}^{(1)}=D/2$ (C) HMF $U=0.5$






























$\lambda^{(1)}=\lambda_{\infty}+\frac{c}{\log N}+O(\frac{1}{\log^{2}N})$ , (13)
$\lambda_{\infty}=D/4$ [11] $\lambda_{\infty}$
2 $N$ (13)
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